ABSTRACT There is considerable evidence demonstrating the positive impact of pedometers and walking programs for increasing physical activity and reducing risk for cardiovascular disease among diverse populations. However, no interventions have been targeted towards South Asian taxi drivers, a population that may be at high risk for developing cardiovascular disease. Supporting South Asian Taxi Drivers to Exercise through Pedometers (SSTEP) was a 12-week pilot study among South Asian taxi drivers to increase their daily step counts. SSTEP assessed the feasibility, acceptability, and potential impact of an exercise intervention employing pedometers, a step diary, written materials, and telephone follow-up to initiate or increase physical activity in this at-risk occupational group. Seventy-four drivers were recruited to participate at sites frequented by South Asian taxi drivers. Participant inclusion criteria were: (1) age 18 or over; (2) birthplace in India, Pakistan, or Bangladesh; (3) fluent in English, Hindi, Urdu, Punjabi, or Bengali; and (4) intention to remain in New York City for the 3-month study period. Comprehensive intake and exit questionnaires were administered to participants in their preferred languages. Intake and exit health screenings, including blood pressure, cholesterol, and glucose were completed. Daily step counts were obtained 4 days after recruitment, and at the 4-, 8-, and 12-week mark via phone calls. To measure the impact of the intervention, step counts, blood pressure, cholesterol, and body mass index were compared at intake and exit. Participants in SSTEP were sedentary at baseline. The SSTEP intervention resulted in a small increase in step counts among participants overall, and in a significant increase (92,000 steps) among a subset ("Bigsteppers"). Drivers with higher baseline glucose values had significantly greater improvements in their step counts. Focused lifestyle interventions for drivers at high risk for cardiovascular disease may be particularly impactful.
BACKGROUND
Six percent of cardiovascular disease-related deaths are attributed to physical inactivity. 1 Substantial evidence suggests that daily moderate-intensity physical activity, including walking, is highly beneficial. [2] [3] [4] [5] [6] Elderly men who walked over 1.5 miles daily had significantly lower cardiovascular disease risk than men who walked 0.25 to 1.5 miles. 7 Pedometer-based walking programs are effective in increasing exercise. 8 In a systematic review, pedometer use was associated with statistically significant increases in physical activity, by about 2,000 steps/day, and with significant decreases in body mass index and blood pressure. 9 Pedometer programs with the greatest step count increase included a 10,000 step per day goal and a step diary. 9 There is considerable evidence demonstrating the success of pedometers and walking programs among sedentary workers, 10, 11 underserved African-Americans [12] [13] [14] and the elderly. 6 However, no interventions have been targeted towards South Asian taxi drivers, a population that may be at high cardiovascular risk, due to their occupation and ethnicity. Studies in Japan show an increased prevalence of myocardial infarction, multivessel disease, and cardiovascular risk among taxi drivers. 15, 16 High levels of particulate matter exposure among taxi drivers in Beijing is associated with low heart rate variability, a strong predictor for cardiovascular disease. 17 Reports from Los Angeles and New York City (NYC) highlight the poor health status of taxi drivers, high stress, and sedentary lifestyle, 18, 19 which may exacerbate risk.
South Asian cardiovascular disease risk is well established. Coronary artery disease rates in overseas Asian Indians worldwide are 50 to 400 % higher than in other ethnic groups. 20 There is a higher prevalence and younger age of onset of cardiovascular disease in South Asian immigrants, compared with Caucasians, [21] [22] [23] and a 33 % higher risk than in non-Hispanic whites. 24 In a study of US immigrant Indian physicians and their families, the age-adjusted prevalence of myocardial infarction or angina among Asian Indian men was 7.2 %, compared with 2.5 % in the Framingham Offspring Study. 22 Asian Indians have an almost 300 % higher risk of metabolic syndrome, a key cardiovascular disease risk, than non-Hispanic whites. 25 Additional risk factors include low high density lipoprotein (HDL) and abnormal apolipoprotein A1 levels. 26 In Canada, South Asian immigrants had the lowest prevalence of physical activity compared with White, Black, Latin American, West Asian/Arab, East/Southeast Asian, and other groups, especially among recent immigrants. 27 Several studies have reported that Indians, Pakistanis, and Bangladeshis in the UK have lower physical activity levels compared to the general population. 28 Culturally linked priorities may deter exercise, including a belief that South Asian men should devote their time to financially support their families, rather than exercising. 29 Supporting South Asian Taxi Drivers to Exercise through Pedometers (SSTEP) was a 12-week pilot pedometer study among South Asian taxi drivers to increase their physical activity. SSTEP assessed the feasibility, acceptability and potential impact of an exercise intervention employing pedometers, a step diary, written materials, and telephone follow-up.
METHODS
Study approval was obtained by the New York University Institutional Review Board (authors' affiliation at the time of the study).
Recruitment was conducted at break sites, including a gurdwara (Sikh place of worship), and four popular restaurants. Inclusion criteria were: (1) taxi driver; (2) age 18 or over; 3) Indian, Pakistani, or Bangladeshi birthplace; (4) English, Hindi, Urdu, Punjabi, or Bengali fluency; and (4) intention to remain in NYC for the 3-month study period. Drivers with mobility impairments or exercise restrictions were excluded. Multilingual (English and one or more South Asian languages) research assistants consented the participants.
An intake questionnaire was administered in the driver's preferred language. Items included sociodemographic, medical history, health care access and utilization, and National Health and Nutrition Examination Survey physical activity questions. 30 Items on the intake questionnaire asked participants specifically if they had a history of cardiovascular disease, including heart attack, heart failure, angina, and/ or stroke. Additional items asked participants whether they had a history of hypertension, diabetes, and/or elevated cholesterol.
Participants then completed intake health screenings: blood pressure using a 9002 E-Sphyg 2 Digital LCD Desk Unit Sphygmomanometer; nonfasting lipid (total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), total cholesterol/HDL) and glucose values using Cholestech LDX point of care testing; 31 height using a measuring tape affixed to a wall; and weight using a Taylor 7009 Lithium Electronic Scale. Individuals who declined participation or were ineligible were also offered the free health screening and were provided cardiovascular risk reduction educational materials. Reasons for refusal were documented.
Following the intake, participants were provided with a HJ-303 OMRON pedometer, a step count diary, a pedometer instruction guide, and an illustrated speaking book on lowering cardiovascular disease risk, 32 both written at a thirdgrade reading level. A "teach back" method was used to ensure participants knew how to use the pedometer. Participants were asked to wear the pedometer daily and were informed that research staff would call them in 4 days to obtain baseline step counts. Calls were scripted to ensure uniformity of the intervention; baseline step count values were obtained, and participants were educated about how to reach the daily 10,000 step count goal. 9 Participants were then contacted at weeks 4, 8, and 12 to obtain step counts for the 7 days prior to the call, and the total step count since recruitment. Comments shared by the participants were noted. At the 12-week mark, exit interviews and health screenings were conducted, and a final step count obtained, either at the recruitment sites or at the Immigrant Health and Cancer Disparities Service, located next to a taxi stand. A $25 incentive was provided.
To assess the potential impact of weather on step counts, temperature, precipitation, and snowfall were documented.
Data Analysis SPSS version 19.0 was used to conduct descriptive analyses to describe demographic variables, medical history, health care access and utilization, and health screening results. Chi-square tests were conducted to test for associations between these variables and changes in step counts from baseline to participants' last follow-up. Changes in glucose, blood pressure, cholesterol, and body mass index from intake to exit were tabulated and tested for significant changes using the McNemar-Bowker test of symmetry for paired data. For continuous variables, the Wilcoxon signedrank test was used to evaluate significant changes.
Linear mixed models (LMMs) were used to evaluate the associations of various predictors with change in steps per day from baseline. These models incorporated all available follow-up step data from each driver, which ranged from 1 to all 4 followup measurement periods, and accounted for the multiple observations per driver by including a random-effect intercept. First, a basic "control" model was fit that included only average baseline steps per day and average follow-up temperature (in degrees Fahrenheit). Both of these variables were centered at their means to facilitate interpretation of the estimated fixed-effect intercept term. Next, a series of models was fit in which each model evaluated the effect of a single additional predictor added to the "control" model. More complex models were not fit due to sample size limitations. Continuous predictors were centered at their means before model entry.
RESULTS
One hundred and three male South Asian taxi drivers were approached to participate. Seventy-four were recruited, 24 refused, and 5 were ineligible. Reasons for refusal (in decreasing frequency order) included no time (n=15), already exercising/not seeing it as beneficial (n=5), and no interest (n=4). Forty-seven drivers completed the study, which required completing the intake questionnaire, providing baseline step counts, and providing at least one follow-up step count ( Fig. 1) . 
Intake Sociodemographic Characteristics and Health History
The intake demographic data are reported for only the 47 drivers who completed the study. There were no differences between the drivers who completed the study versus those who dropped out except in mean number of days worked/week (6.29 days among completers, 5.98 among dropouts, p=0.027), years residing in the USA (70 % of completers versus 42 % of dropouts had been living in the USA for 915 years, p=0.037), and English proficiency (62 % of dropouts versus 32 % of completers spoke English very well, p=0.027).
Among study completers, mean age was 47.9 years. Eighty-one percent were yellow cab drivers. The mean number of years driving a taxi was 10.6. The participants worked a mean of 6.3 days/week and 10.1 h/day. Eighty-five percent of participants were married. Twenty-two (47 %) participants were born in India, 18 (38 %) in Pakistan, and 7 (15 %) in Bangladesh. Seventy percent of participants had resided in the USA for more than 15 years; only 2 % had been living in the USA for 2 years or fewer. Nearly all participants (98 %) preferred a language other than English for healthcare (Table 1) .
Fifty-one percent of participants had health insurance. Sixty-six percent had a primary care provider (PCP); 67 % had visited their PCP in the last 6 months. Twenty percent had been to the emergency room at least once in the 6 months prior to recruitment. Eighty-three percent of participants had not been physically active for a total of at least 60 min in the 7 days prior to recruitment. Seventeen percent reported currently using tobacco.
Eleven percent of participants reported a previous history of cardiovascular disease, 38 % hypertension, 24 % diabetes, and 36 % hypercholesterolemia. Seventy-five percent of those with hypertension were taking medications, all those diagnosed with diabetes were taking medication, and 54 % of those with hypercholesterolemia were taking related medications.
Intake and Exit Health Screening
Thirty-one drivers completed both intake and exit glucose and blood pressure screening, 32 total cholesterol screening, 24 LDL, 30 HDL and total cholesterol/ HDL ratio, and 27 completed body mass index. Reasons for noncompletion included inability for the Cholestech machine to calculate lipid breakdown when triglyceride readings were high, and participant inaccessibility because of travel outside of the country, phone numbers out of service or lack of time to complete the exit screening. Nearly all drivers had random glucose below 200 mg/dL (94 % at intake and 97 % at exit). Sixty-five percent had elevated blood pressure (mmHg) (≥140 systolic and/or ≥90 diastolic) at intake and 55 % had elevated values at exit. Fifty percent had elevated total cholesterol values (≥200 mg/dL) at intake and 41 % had elevated values at exit. Eighty-one percent were overweight or obese (BMI≥25) at both intake and exit. There were no significant differences in health screening values between intake and exit for participating drivers (Table 2) .
In comparing self-report to intake screening values, a larger percentage of drivers who self-reported a history of hypertension had elevated blood pressure values at intake compared to drivers who did not self-report a history of hypertension (76 vs. 60 %), but this difference was not statistically significant (p=0.529). A significantly larger percentage of drivers who self-reported a history of diabetes had intake glucose levels greater than 200 mg/dL compared to drivers who did not report a diabetes diagnosis (45 vs. 3 %, p=0.0002). A significantly larger percentage of drivers who self-reported a history of elevated cholesterol had high total cholesterol at intake (200 mg/dL or higher) than drivers who did not report having a history of elevated cholesterol (79 vs. 26 %, pG0.001).
Step Counts Research staff contacted drivers to obtain baseline and follow-up step counts. During these telephone calls, staff would ask drivers to describe how they were obtaining the step counts from the pedometer, i.e., which buttons they were pressing on the pedometer, which was a strong indication that drivers were indeed using the net increase in their number of steps/day at their last follow-up compared to baseline. Both baseline steps/day and follow-up temperature (follow-up temperature=mean temperature of the days a given driver recorded follow-up steps) were significantly associated with changes in average steps/day in the LMM that included only those two variables. Specifically, at the mean baseline steps/day and mean follow-up temperature, the drivers increased a mean of 290 steps/day from their baseline values. For each additional step/day taken at baseline, the drivers decreased their steps/day by 0.515 steps. For each 1°Fahrenheit increase in the average follow-up temperature, the drivers tended to increase their steps/day by 68.6 steps.
Several additional variables were evaluated by adding them to this basic model, each separately and one at a time to avoid overfitting. Age, years in the USA, years driving a taxi, type of taxi, visits to home country, having children, education, average driving hours/day, average driving days/week, insurance, history of cardiovascular disease, hypertension, diabetes or hypercholesterolemia (each evaluated separately), weight, BMI, total cholesterol, LDL, HDL, blood pressure, and triglycerides were not associated with change in average steps/day, controlling for average baseline steps/day and average follow-up temperature.
Drivers born in India compared to Bangladesh had a significantly greater increase in steps/day. Drivers with a PCP also significantly improved their average steps/day, as did drivers with relatively higher glucose levels at baseline. Baseline total cholesterol/HDL ratio was not a significant predictor of change in steps/day. Drivers All continuous variables were centered at their means who were separated had increases in their steps/day compared to married/cohabitating drivers, though this was not statistically significant (p=0.056). Finally, tobacco users had increases in their steps/day compared to drivers who were not using tobacco products; this was also not statistically significant (p=0.057; Table 3 ).
"Bigsteppers" Seven out of 47 (14.9 %) of the drivers improved 2,000 or more steps. The temperature was significantly higher (Wilcoxon rank sums test p value=0.049) at the last step timepoint for these 7 drivers (median=68.3, IQR=63.2-68.7) than for the other 40 drivers (median=52, IQR=45.5-88.9). These improvers tended to be in either the youngest (G39 years, n=4) or the oldest age group (59 years or older, n= 6); half of the drivers in these two age groups improved by 2,000+ steps, compared to only 5.5 % of the 37 drivers between 39 and 59 (Fisher's exact test p=0.005). The majority of the improvers (71 %) were either separated, divorced, widowed, or single, compared to only 29 % who were married or co-habitating (Fisher's exact test p=0.029).
The improvers had significantly higher (Wilcoxon rank rums test p=0.033) intake systolic blood pressure (median=146, IQR=140-154) than the other drivers (median=130, IQR=127-142). There were differences between the improvers and other drivers in both weight and body mass index at intake, though these were not statistically significant (Wilcoxon rank rums test pG0.100). The median intake weight of improvers was 179 lbs compared to 191 lbs for the other drivers (p= 0.074). The intake BMI of improvers also tended to be lower (median=27.6) than that of the other drivers (median=28.9), p=0.057. Despite lower weight and BMI at intake, drivers with step improvements of 92,000 steps also had reductions in BMI from intake to exit (though not statistically significant). Specifically, improvers saw a median BMI decrease of 0.62, while the other drivers' BMI increased a median of 0.27 (p=0.088).
CONCLUSIONS
This study describes the results of a pedometer-based exercise intervention among an at-risk, hard-to-reach group, South Asian taxi drivers. The majority of SSTEP participants were yellow cab drivers and sedentary at baseline. Previous work by the authors 33 suggests that these drivers (compared to livery drivers) may find it especially challenging to increase their physical activity due to high stress, time constraints, and little flexibility/opportunity for walking breaks. The SSTEP intervention resulted in a small increase in step counts among participants overall, and in a significant increase (92,000 steps) 9 among a subset ("Bigsteppers"). Drivers were at risk for cardiovascular disease; an alarming proportion had abnormal blood pressure and cholesterol, and over 80 % were overweight or obese. Focused interventions for these high-risk drivers may be particularly impactful. Drivers with higher baseline glucose values had significantly higher improvements in their step counts; this is important for programs directed towards diabetic and/or prediabetic drivers, who may be especially amenable to lifestyle interventions.
Study staff experienced several barriers in contacting participants. This resulted in significant study dropout, a study limitation. Three barriers were most common: (1) no response to phone calls, despite multiple attempts at various times throughout the day and evening, during the week and on weekends; (2) phone numbers no longer in service as the study progressed; (3) inability of participants to speak at the time of the calls (busy driving or just unable to talk at the time). In such cases, it took several attempts to obtain complete study data. Pedometer loss represented an additional issue. Several participants who lost their pedometers did not promptly obtain their replacement. Wrist pedometers are now available; these may help address this issue. The greatest dropout took place between the baseline and month 1 Follow-up calls. Future interventions should focus on incentivizing participation through this drop-out point (i.e., free cell phones/minutes, staff presence at occupational sites to facilitate data collection and pedometer replacement). Retention efforts should also be directed towards drivers who are more recent immigrants. We also did not collect data regarding shift hours (day vs. night drivers), which could have impacted drivers' ability to walk. Questions related to occupational stress, which would contribute to drivers' cardiovascular disease risk profile, were also not asked. Future studies should include these factors.
Despite the aforementioned barriers, most participant comments were positive. They stated that the intervention served as a reminder to exercise, encouraged the drivers to stay healthy, and increased their levels of physical activity. Comments included, "it makes a difference because it reminds us to exercise, makes a routine, sometimes you forget to wear it but otherwise it is really beneficial, it tells you how much you need to exercise and you can use that as a reason to exercise." Many participants also noted an improvement in health behaviors, physical health, or overall relaxation and mood: "because of walking I have less pain in my arms and legs, I am going to buy a blood pressure machine to monitor my blood pressure, I am motivated to take care of my health." Another stated, "it feels really good for the heart when I walk; it feels fresh and my blood pressure stays good too." Another participant described motivating peers to exercise, "I have a lot of friends who joined the gym and they are educating each other about taking care of their health (what fat means, etc.), I am more serious about my health and am exercising since I got the pedometer."
Forty-seven percent of drivers in this study completed college or beyond, somewhat higher than the figure for the larger NYC taxi driver community at 37 %. 34 Future interventions should be inclusive of drivers from diverse educational backgrounds, as it has been described that individuals with lower educational levels are more likely to have a higher burden of cardiovascular disease and related risk factors. 35 Consistent with previous literature, married men in this study exercised less than their single counterparts. 36 With greater family demands, married men may benefit from exercise interventions that engage families and communities. Temperature was an important factor; colder weather resulted in lower step counts. Future interventions should address the impact of weather on exercise, i.e., be inclusive of information on how to achieve step goals indoors during winter weather conditions. Interventions should also incorporate multilevel strategies to address cardiovascular disease risk among taxi drivers, including strategies at the individual, environmental, organizational, and policy levels. 37 
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